Introduction {#Sec1}
============

Astrophysical and cosmological observations \[[@CR1]--[@CR3]\] provide strong support for the existence of dark matter (DM), which could originate from physics beyond the standard model (BSM). In a large class of BSM models, DM consists of stable, weakly-interacting massive particles (WIMPs). In collider experiments, WIMPs ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\chi $$\end{document}$) could be pair-produced through the exchange of new mediating fields that couple to DM and to standard model (SM) particles. Following their production, the WIMPs would escape detection, thereby creating an imbalance of transverse momentum (missing transverse momentum, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} ^\text{miss} $$\end{document}$) in the event.

If the new physics associated with DM respects the principle of minimal flavor violation \[[@CR4], [@CR5]\], the interactions of spin-0 mediators retain the Yukawa structure of the SM. This principle is motivated by the apparent lack of new flavor physics at the electroweak (EWK) scale. Because only the top quark has a Yukawa coupling of order unity, WIMP DM couples preferentially to the heavy top quark in models with minimal flavor violation. In high energy proton-proton collisions, this coupling leads to the production of $\documentclass[12pt]{minimal}
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                \begin{document}$${t}\overline{{t}} +\chi \overline{\chi } $$\end{document}$ at lowest-order via a scalar ($\documentclass[12pt]{minimal}
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                \begin{document}$$\phi $$\end{document}$) or pseudoscalar (a) mediator (Fig. [1](#Fig1){ref-type="fig"}), and to the production of so-called mono-X final states through a top quark loop \[[@CR6]--[@CR14]\]. At the CERN Large Hadron Collider (LHC), the $\documentclass[12pt]{minimal}
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                \begin{document}$${t}\overline{{t}} +\chi \overline{\chi } $$\end{document}$ process can be probed directly via the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
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                \begin{document}$${b} \overline{{b}} +p_{\mathrm {T}} ^\text{miss} $$\end{document}$ signatures. The $\documentclass[12pt]{minimal}
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                \begin{document}$${b} \overline{{b}} +\chi \overline{\chi }$$\end{document}$ process for models in which mediator couplings to up-type quarks are suppressed, as can be the case in Type-II two Higgs doublet models \[[@CR15]\].

This paper describes a search for DM produced with a $\documentclass[12pt]{minimal}
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                \begin{document}$$\sqrt{s}=13\,\text{TeV} $$\end{document}$ with the CMS experiment at the LHC. A potential DM signal is extracted from simultaneous fits to the $\documentclass[12pt]{minimal}
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                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${t}\overline{{t}} $$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\text{W}+\text{jets}$$\end{document}$, and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${Z} +\text{jets}$$\end{document}$ processes are included in the fits, to constrain the major backgrounds. The top quark nearly always decays to a W boson and a b quark. The W boson subsequently decays leptonically (to charged leptons and neutrinos) or hadronically (to quark pairs). The dileptonic, lepton($\documentclass[12pt]{minimal}
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Previous LHC searches for DM produced with heavy-flavor quark pairs were interpreted using effective field theories that parameterize the DM-SM coupling in terms of an interaction scale $\documentclass[12pt]{minimal}
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                \begin{document}$$M_{*}$$\end{document}$ \[[@CR20]\]. More recently, the limitations of effective field theory interpretations of DM production at the LHC has led to the development of simplified models that remain valid when the mediating particle is produced on-shell \[[@CR21]\]. This analysis adopts the simplified model framework to provide the first interpretation of heavy-flavor search results in terms of the decays of spin-0 mediators with scalar or pseudoscalar couplings. This paper also reports the first statistical combination of dileptonic ($\documentclass[12pt]{minimal}
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The paper is organized as follows. Section [2](#Sec2){ref-type="sec"} reviews the properties of the CMS detector and the particle reconstruction algorithms used in the analysis. Section [3](#Sec3){ref-type="sec"} describes the modeling of $\documentclass[12pt]{minimal}
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                \begin{document}$${b} \overline{{b}} +p_{\mathrm {T}} ^\text{miss} $$\end{document}$ search channels. Section [6](#Sec8){ref-type="sec"} describes the systematic uncertainties considered in the analysis. The results of the search and their interpretation within a simplified DM framework are presented in Sect. [7](#Sec9){ref-type="sec"}. Section [8](#Sec12){ref-type="sec"} concludes with a summary of the results.

CMS detector and event reconstruction {#Sec2}
=====================================

The CMS detector \[[@CR22]\] is a multipurpose apparatus optimized for the study high transverse momentum ($\documentclass[12pt]{minimal}
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Event reconstruction is based on the CMS Particle Flow (PF) algorithm \[[@CR23], [@CR24]\], which combines information from all CMS subdetectors to identify and reconstruct the individual particles emerging from a collision: electrons, muons, photons, and charged and neutral hadrons. Interaction vertices are reconstructed using the deterministic annealing algorithm \[[@CR25]\]. The primary vertex is selected as that with the largest sum of $\documentclass[12pt]{minimal}
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Jets are reconstructed by clustering PF candidates using the anti-$\documentclass[12pt]{minimal}
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The combined secondary vertex b tagging algorithm (CSVv2) is used to identify jets originating from the hadronization of bottom quarks \[[@CR30], [@CR31]\]. Jets are considered to be b-tagged if the CSVv2 discriminant for that jet passes a requirement that roughly corresponds to efficiencies of 70% to tag bottom quark jets, 20% to mistag charm quark jets, and 1% to misidentify light-flavor jets as b jets. Efficiency scale factors in the range of 0.92--0.98, varying with jet $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}}$$\end{document}$, are applied to simulated events in order to reproduce the b tagging performance for bottom and charm quark jets observed in data. A scale factor of 1.14 is applied to simulation to reproduce the measured mistag rate for light-flavor quark and gluon jets.
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Electron candidates are reconstructed by combining tracking information with energy depositions in the ECAL \[[@CR32]\]. The energy of the ECAL clusters is required to be compatible with the momentum of the associated electron track. Muon candidates are reconstructed by combining tracks from the inner silicon tracker and the outer muon system \[[@CR33]\]. Tracks associated with muon candidates must be consistent with a muon originating from the primary vertex, and must satisfy a set of quality criteria \[[@CR33]\]. Electrons and muons are selected with $\documentclass[12pt]{minimal}
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                \begin{document}$$p_{\mathrm {T}} $$\end{document}$. Relative isolation is nominally required to be less than 0.035 (0.065) for electrons in the barrel (endcap), respectively, and less than 0.15 for muons. Identification requirements, based on hit information in the tracker and muon systems, and on energy depositions in the calorimeters, are imposed to ensure that candidate leptons are well-measured. These restrictive isolation and identification criteria are used to select events from the dileptonic $\documentclass[12pt]{minimal}
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The efficiencies of the requirements for electrons (muons) with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} > 30\,\text{GeV} $$\end{document}$ range from 52 to 83% (91 to 96%), for increasing lepton $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} $$\end{document}$. Less restrictive lepton isolation and identification requirements are used to reject events containing additional leptons with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} > 10\,\text{GeV} $$\end{document}$. Efficiencies for these requirements range from 66 to 96% for electrons and 73 to 99% for muons, for increasing lepton $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} $$\end{document}$. Electron and muon selection efficiency scale factors are applied in simulation to match the efficiencies measured in data using the tag-and-probe procedure \[[@CR34]\]. Averaged over lepton $\documentclass[12pt]{minimal}
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The "resolved top tagger" (RTT) is a multivariate discriminant that uses jet properties and kinematics to identify top quarks that decay into three resolved jets. The input observables are the values of the quark/gluon discriminant \[[@CR35]\], which combines track multiplicity, jet shape, and fragmentation information for each jet, values of the b tagging discriminants, and the opening angles between the candidate b jet and the two jets from the candidate W boson. Within each jet triplet, the b candidate is considered to be the jet with the largest value of the b tagging discriminant. The RTT discriminant also utilizes the $\documentclass[12pt]{minimal}
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The performance of the RTT discriminant is characterized with data enriched in SM $\documentclass[12pt]{minimal}
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                \begin{document}$${t}\overline{{t}} $$\end{document}$ events containing four or more jets. At least one of these jets is required to be b-tagged. The output discriminant for these events is plotted in Fig. [2](#Fig2){ref-type="fig"}. Each entry in the plot corresponds to the jet triplet with the highest RTT score in the event. Data are modeled using simulated $\documentclass[12pt]{minimal}
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                \begin{document}$${t}\overline{{t}} +p_{\mathrm {T}} ^\text{miss} $$\end{document}$ search are considered to be top quark tagged if their RTT discriminant value is larger than zero

There are three efficiencies associated with the RTT selection, which correspond to the three classes of events in Fig. [2](#Fig2){ref-type="fig"}: $\documentclass[12pt]{minimal}
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                \begin{document}$${t}\overline{{t}} $$\end{document}$ events are used to extract the tagging and mistagging efficiencies for hadronically-decaying top quarks through a fit to the trijet mass distribution. Mass templates obtained from simulation are associated with each efficiency term in the fit. The efficiency of the RTT $\documentclass[12pt]{minimal}
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                \begin{document}$$\pi ^0\rightarrow \gamma \gamma $$\end{document}$ decay. Photons are reconstructed from ECAL energy clusters, which are corrected to recover the energy deposited by photon conversions and bremsstrahlung. Photons are identified and distinguished from jets and electrons using cut-based criteria that include the isolation and transverse shape of the ECAL deposit, and the ratio of HCAL/ECAL energies in a region surrounding the candidate photon.

Modeling and simulation {#Sec3}
=======================

The associated production of DM and heavy-flavor quark pairs provides rich detector signatures that include significant $\documentclass[12pt]{minimal}
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                \begin{document}$${Z} (\nu \bar{\nu })+\text{jets}$$\end{document}$). Simulated events are used throughout the analysis to determine signal and background expectations. Where possible, corrections determined from data are applied to the simulations.
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                \begin{document}$${t}\overline{{t}} $$\end{document}$ and single t backgrounds are generated at next-to-leading order (NLO) in quantum chromodynamics (QCD) using [Powheg]{.smallcaps}v2 and [Powheg]{.smallcaps}v1 \[[@CR39]--[@CR41]\], respectively. As with all MC generators subsequently described, [Powheg]{.smallcaps} is interfaced with [Pythia]{.smallcaps}8.205 \[[@CR42]\] for parton showering using the CUETP8M1 tune \[[@CR43]\]. Samples of $\documentclass[12pt]{minimal}
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                \begin{document}$${t}\overline{{t}} +{Z} $$\end{document}$ events makes use of NLO matrix element calculations implemented in [MG5]{.smallcaps}\_a[mc]{.smallcaps}@[nlo]{.smallcaps} , and the FxFx \[[@CR46]\] prescription to merge multileg processes. Diboson processes (WW, WZ, and ZZ) are generated at NLO using either [MG5]{.smallcaps}\_a[mc]{.smallcaps}@[nlo]{.smallcaps} or [Powheg]{.smallcaps}v2.

The signal processes are simulated using simplified models that were developed in the LHC Dark Matter Forum (DMF) \[[@CR21]\]. The DM particles $\documentclass[12pt]{minimal}
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                \begin{document}$$\chi $$\end{document}$ are assumed to be Dirac fermions, and the mediators are spin-0 particles with scalar ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\phi $$\end{document}$) or pseudoscalar ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm {a}$$\end{document}$) couplings. The coupling strength of the mediator to SM fermions is assumed to be $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$g_{{q} {q}}= g_{{q}} y_{{q}}$$\end{document}$ where: $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$y_{{q}}=\sqrt{2}m_{{q}}/v$$\end{document}$ is the SM Yukawa coupling, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{{q}}$$\end{document}$ is the quark mass, and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$v = 246\,\text{GeV} $$\end{document}$ is the Higgs field vacuum expectation value. As per the recommendations of the LHC Dark Matter Working Group \[[@CR47]\], $\documentclass[12pt]{minimal}
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Event selection {#Sec4}
===============
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Background control region selections {#Sec6}
------------------------------------

Figure [3](#Fig3){ref-type="fig"} shows the simulated background yields in each of the SRs following the selections of Sect. [4.1](#Sec5){ref-type="sec"}. Clearly, the dominant backgrounds in the SRs are from the SM $\documentclass[12pt]{minimal}
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The remainder of this section describes how the contributions of SM backgrounds in the SRs are estimated using the CRs. The discussion utilizes the CR labeling convention defined in Table [2](#Tab2){ref-type="table"}, for ease of reference. The CRs for the $\documentclass[12pt]{minimal}
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Section [5](#Sec7){ref-type="sec"} describes how the CRs are simultaneously fit with the SRs to constrain the predicted normalization of the $\documentclass[12pt]{minimal}
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Signal extraction {#Sec7}
=================

A potential DM signal could be revealed as an excess of events relative to SM expectations in a region of high $\documentclass[12pt]{minimal}
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The fits are performed using the [RooStats]{.smallcaps} statistical software package \[[@CR59]\]. The effects of uncertainties in the normalizations and in the $\documentclass[12pt]{minimal}
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                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} ^\text{miss} $$\end{document}$ shapes of subdominant backgrounds vary in the fit only through the constrained nuisance parameters. Signal yields in the SRs and associated CRs are scaled simultaneously by signal strength parameters ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu $$\end{document}$), defined as the ratio of the signal cross section to the theoretical cross section, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu =\sigma /\sigma _\text{TH}$$\end{document}$. The $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu $$\end{document}$ parameters scale signal normalization coherently across regions, and thus account for signal contamination in the CRs.

Signal extraction is performed for the individual search channels as well as for their combination. The separate fits to the individual signal and associated CRs provide independent estimates of $\documentclass[12pt]{minimal}
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Systematic uncertainties {#Sec8}
========================

Table [3](#Tab3){ref-type="table"} summarizes the uncertainties considered in the signal extraction fits. The procedures used to evaluate the uncertainties are described later in this section. Normalization uncertainties are expressed relative to the predicted central values of the corresponding nuisance parameters. These uncertainties are used to specify the widths of the associated log-normal probability densities. The integrated luminosity, b tagging efficiency, $\documentclass[12pt]{minimal}
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Results and interpretation {#Sec9}
==========================
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Individual search results {#Sec10}
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                \begin{document}$${b} \overline{{b}} +p_{\mathrm {T}} ^\text{miss} $$\end{document}$ channel in the search is due, in part, to the specific signal model considered; the performance of this channel would improve in models in which the mediator couplings to up-type quarks are suppressed.

In all search channels, the expected sensitivity to low-mass scalar mediators is better than that for low-mass pseudoscalars. This reflects the higher predicted cross section for the low-mass scalar, which is approximately 40 times larger than that of the pseudoscalar for a mediator mass of 10$\documentclass[12pt]{minimal}
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                \begin{document}$$\,\text{GeV}$$\end{document}$ and above. The expected scalar limits therefore rise quickly with increasing mass, while the limits for the pseudoscalar mediator change less, as can be seen from Tables [5](#Tab5){ref-type="table"} and [6](#Tab6){ref-type="table"}.

Combined search results {#Sec11}
-----------------------

Signal region yields obtained from a simultaneous background-only fit of all of the search channels are similar to those listed in Table [4](#Tab4){ref-type="table"}. Fitted $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}} ^\text{miss} $$\end{document}$ distributions in the eight SRs are nearly indistinguishable from those of Figs. [9](#Fig9){ref-type="fig"} and [10](#Fig10){ref-type="fig"}. The nuisance parameter shifts in the combined fit are consistent with those of the individual channel fits, while the fit uncertainty in the b tagging efficiency nuisance parameter becomes more tightly constrained. The *p* value of the saturated likelihood goodness-of-fit test is 0.11, which indicates no significant deviation with respect to background predictions.

A simultaneous signal+background fit is performed using all SRs and CRs, and 95% CL upper limits are set on the cross section ratio $\documentclass[12pt]{minimal}
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                \begin{document}$$\mu $$\end{document}$ for DM produced in association with heavy-flavor quark pairs. Table [7](#Tab7){ref-type="table"} provides limits obtained for the scalar and pseudoscalar mediator hypotheses. These limits are presented graphically in Fig. [12](#Fig12){ref-type="fig"}. The combination of $\documentclass[12pt]{minimal}
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Summary {#Sec12}
=======

A search for an excess of events with large missing transverse momentum ($\documentclass[12pt]{minimal}
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                \begin{document}$$p_{\mathrm {T}} ^\text{miss}$$\end{document}$) produced in association with a pair of heavy-flavor quarks has been performed with a sample of proton-proton interaction data at a center-of-mass energy of 13 TeV. The data correspond to an integrated luminosity of 2.2$\documentclass[12pt]{minimal}
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                \begin{document}$${t}\overline{{t}} +p_{\mathrm {T}} ^\text{miss} $$\end{document}$ final states. A resolved top quark tagger is used to categorize events in the all-hadronic channel. No significant deviation from the standard model background prediction is observed. Results are interpreted in terms of dark matter (DM) production, and constraints are placed on the parameter space of simplified models with scalar and pseudoscalar mediators. The DM search channels are considered both individually and, for the first time, in combination. The combined search excludes production cross sections larger than 1.5 or 1.8 times the values predicted for a 10$\documentclass[12pt]{minimal}
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                \begin{document}$$g_{{q}} =g_{\chi }=1$$\end{document}$. The limits presented are the first achieved on simplified models of dark matter produced in association with heavy-flavor quark pairs.
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